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® Reversible optical information-recording medium. 

© Phase-change type, reversible optical informa- 
tion recording medium, being possible for recording, 
reproducing, erasing, and rewriting of information, by 
2 use of a laser beam. This invention consists of 
^recording thin film of ternary compositions, for exam- 
COple. containing Ge, Te, Sb /or Bi or quaternary 
^compositions containing the fourth element of Se 
with which a part of Te is replaced, which is estab- 
lished on such surface -flat substrates as glass or 
^plasties. In this case, the component ratio of Te and 
Se is selected not to be in excess for other ele- 
©ments, such as Ge, Sb /or Bi so as to be fixed as 
^stable compounds of stoichiometric compositions of 
UJGoTe, Sb,Te, /or Bi,Te,, or GeSe, Sb,Se 3 /Bi,Se 3 
when crystallized. Strictly speaking, a concentration 
of each component is selected to have proper ratio 



of the number of atoms relative to each other so as 
to represent whole composition as the sum of each 
component. By this treatment, it is possible to have 
high crystallization speed and long cyclability of 
recording/erasing. The effect of Se is to increase the 
viscosity of the system and to make easily to obtain 
amorphous state: and moreover, by selecting of 
proper amount replaced with Te, it is possible to 
obtain the composition of recording film superior in 
both characteristics of recording (amorphization) and 
erasing (crystallization). 
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REVERSIBLE OPTICAL INFORMATION -RECORDING MEDIUM 



BACKGROUND OF THE INVENTION 

FIELD OF INVENTION 

The present invention relates to phase-change 
type, reversible optical information-recording me- 
dium, being suitable for recording, reproducing, 
erasing, and rewriting of information, by use of a 
laser beam. 



DESCRIPTION OF THE PRIOR ARTS 

It is well known that some kinds of Te-based 
alloy film produce comparatively easily reversible 
phase transition by irradiation of a laser beam. 
Since, among them, the composition rich in Te- 
component makes it possible to obtain an amor- 
phous state by relatively low power of laser, the 
application to recording medium has been so far 
tried. 

For example. S.R. Ovsinsky et at. have first 
disclosed in USP 3,530,441 that such thin films as 
Te«Ge„ and Te, t Ge,»S,Sb 2 produce a reversible 
phasetransition according to light with high density 
energy such as a laser beam. A.W. Smith has also 
disclosed a film of Te«Ge,As, as -a typical com- 
position, and he has clarified that it could make 
recording (amorphization) and erasing 
(crystallization) runs of about I0 4 times, and erasing 
(Applied Physics Letters. 18 (1971) p. 254). Moreover 
M. Chen et al. have disclosed that a film of 
Te.rGe.Sns as a typical composition could make 
repeating runs of more than 10' times in a static 
test (Applied Physics Utters. 46 (1985) p. 734). 
Generally, in the recording medium utilizing the 
phase change between amorphous state and cry- 
stalline state, the procedure of the transition from 
crystal to amorphous state is used for recording 
process, attaching importance to recording speed. 
Since the above-mentioned compositions utilize 
those near eutectic mixture of Te and additives, 
they have lower melting points of about 400°C and 
can be easily amorphized. On the other hand, in 
erasing run. the procedure from amorphous state to 
crystal is used; since there exist many free Te- 
chain-structures inside each above-mentioned com- 
position, progress of crystallization is obstructed by 
them. Therefore, as the chains at random direction 
remain inside even after solidification, it is neces- 
sary to keep the amorphous state for sufficiently 
long time and at high temperature (near Tg) in 



order to arrange the orientation, namely obtain the 
perfect crystalline state. There was a problem that 
the composition rich in Te could not in principle 
increase the erasing speed. 
5 The existence of free Te reduces long-term 

thermal stability, particularly after repeating of 
recording/erasing run. and moreover it becomes a 
cause to restrict the cycling number itself. Though, 
it is assumed that in a thin film at "as deposited" 

to state, Te atoms are uniformly dispersed with other 
atoms in a film, there occurs, during the repeating 
runs of recording/ erasing, the separation between 
a part very rich in Te (relatively lower melting 
point) and a part rich in stable compound of Te and 

75 the additives (relatively higher melting point). 
Therefore, there occurs the phase separation and 
then the recording characteristics change. In this 
case, the composition with extremely abundant Te 
is very unstable as amorphous state with low cry- 

20 ' stallization temperature, and also gives a result to 
reduce the thermal stability. This phenomenon is 
assumed to be mainly due to the fact that the 
composition near eutectic point could not exist as 
the stable compound and then it would transfer to 

2S more stable state in terms of interna! energy. In the 
case of the extreme difference of characteristics, 
especially melting point, between Te and 
stoichiometric Te compound with additives pro- 
duced by crystallization, the phase segregation 

30 proceeds more quickly, and it is difficult for sepa- 
rated phase to return again to the original uniform 
state. As a result, the recording and erasing could 
not be performed. As a way to solve the problem, it 
is necessary to increase the laser power, keep the 

35 film at a temperature above melting points of Te 
and Te compound for a long time, and quench 
after mixing them well again; by such treatments 
meaning of increasing sensitivity of recording by 
using excessive Te has come to be in vain. It has 

40 been impossible to realize the above treatments 
actually in dynamic system. Namely, in the com- 
position excessive in Te, it could not be realized to 
obtain the satisfactory characteristics such as the 
rewriting speed, thermal stability, and cyclability. 

45 

BRIEF SUMMARY OF THE INVENTION 

The object of this invention is to supply a 
50 reversible optical information-recording medium 
with the improved erasing speed without reduction 
of recording sensitivity. Also, the other object of 
this invention is to supply a reversible optical 
information-recording medium with long cyclability 
of recording/erasing. Moreover, the other object is 
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to supply a reversible optical information-recording 
medium unchangeable in thermal stability and with 
high reliability even after repeating runs of record- 
ing and erasing. 



BRIEF DESCRIPTION OF THE DRAWING 

Rg. I is a cross section showing the structure 
of working example for reversible optical 
information-recording medium of this invention. Rg. 
2 is the main composition of recording film applied 
to reversible optical information-recording medium 
of this invention and the composition diagram 
showing a tolerance of composition. Rg. 3 is a 
graph showing the phase-transition temperature of 
recording film with main composition. Rg. 4 is a 
graph showing amorphizing sensitivity of recording 
film with main composition. Rg. 5 is a graph show- 
ing a crystallization speed of recording film with 
main composition. Rg. 6 is a graph showing the 
change in amorphizing sensitivity and crystalliza- 
tion speed in the case of addition of Se to main 
composition. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

As shown in a - c in Rg. I, an optical 
information-recording medium of this invention con- 
sists of a recording layer (4) sandwiched by dielec- 
tric thin films (2. 3) such as SiO„ Al,0„ ZnS on 
substrate (I) with flat surface, made of plastics such 
as PMMA and polycarbonate, metals such as Al 
and Cu or glass, etc. In this invention, the dielectric 
layer is not always necessary, but it is effective in 
reducing thermal damage of plastic materials or the 
transformation and evaporation of the recording 
layer itself caused by repeating irradiation of laser 
beam. It is also possible to stick a protecting plate 
on this layer. 

This invention is characterized by a recording 
layer. For example, a recording layer consists of 
ternary compositions containing Te. Ge, Sb/ or Bi, 
or quarternary compositions containing the fourth 
element of Se with which a part of Te is replaced. 
As shown by a thick line in Rg. 2(a), the main 
composition is located on the line linking the com- 
position points of Ge«,Te„ and *>. (Sb,Te^or Bi,Te,). 
In this invention, the main composition is shown by 
the following formula: 

x*50.Ge(Te,Se) + (l-x)«20 SkOe.Se), /or 

(l-x)*20 Bi,(Te,Se), or 

(Te.Se)8o.ioxGe50x(Sb/or BiJ^^o* 



(wherein 0.05 2 * S 0.8) 

Here, the concentration of Se is not related to the 
value of x, and it is 30 atomic % or less of whole. 

s namely its maximum value is 30 atomic %. Each 
composition is permitted to have some range as 
shown in Rg. 2(b) as a domain. 

The following is to describe the fundamental 
concept, the concrete constituent elements in the 

w recording layer, and the reason for the decision of 
its concentration regarding the recording medium 
of this invention. 

First, when Te is contained in excess of the 
necessary amount for formation of stoichiometric 

T5 compounds with other additives in a recording film 
of Te phase-change type, it becomes a cause to 
restrict the erasing speed (crystal lization speed), 
thermal stability, and cyclability, as already men- 
tioned. Therefore, the method with non-excessive 

20 Te by devising concentrations of the additives 
should be taken. 

However, Te alloy with only one kind of ad- 
ditive element, such as CdTe, SnTe, PbTe, InTe, 
Sb 2 Te,. and GeTe, is unsuitable for a recording 

25 layer by one or all of the following reasons: 

1) as the mehing point is too high, it could 
not be easily melted by a short pulse of light of a 
laser beam. 

2) as the crystallization temperature is too 
30 low, the stable amorphous phase could not be 

obtained, and 

3) as the crystallization rate is too high, the 
sufficient conditions for rapid cooling which are 
necessary for amorphous conversion could not be 

35 easily obtained. Among them, GeTe has a stable 
amorphous phase and a relatively low melting point 
of 725°C comparing with other systems. However, 
it is also difficult to amorphize (recording) under 
consideration of power output (25 mW at most) by 
40 the present commercial laser diode. 

Then, the methods using plural additives have 
been tried. The trial is to lower the melting point by 
composing solid solution of plural Te-alloys and, at 
the same time, to make amorphous phase stable, ft 
45 is not enough to make solid solution with low 
melting point, but it is necessary to obtain the solid 
solution to be difficult in bringing about phase- 
separation by repeating run of recording/erasing 
and to have sufficiently high (not too high) cry- 
so stallization rate. 

In this invention, for example, by use of two 
kinds of additives, such as Ge and Sb/ or Bi, the 
good systems with relatively lower melting point, 
stable amorphous phase, and high crystallization 
55 rate, could be obtained. Regarding crystallization 
as all Te is fixed as stoichiometric compounds 
such as GeTe and Sb,Te, /or Bi,Te 5 , the crystalliza- 
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tion rate is higher than the case of excessive Te. 
However, it should be emphasized that there are 
several important points which are remarkable and 
unique, in this system, as follows: 

As the first point, there exists an intermediate 
phase between phases of both ends; for example, 
between GeTe and Sb*Te 3 /or Bi,Te 3 . there are 
plural stoichiometric compounds, such as GeSb^er 
/or GeBi 4 Te, (GeTe + 2Sb 2 Te, /or 2Bi 2 Te 2 ), 
GeSb 2 Te 4 /or GeSbjTe* (GeTe + Sb 2 Te 2 /or 
Bi 2 Te 3 ), and Ge^SbjTe, /or Ge 2 Bi 2 Te s (2 GeTe + 
Sb 2 Te 3 /or Bi 2 Te 3 ). It is assumed that it is able to 
obtain a very high crystallization -rate, because the 
internal energy in the crystal state is lower in a 
stoichiometric phase and the difference of energy 
level for an amorphous phase is larger. 

As the second point, the above-mentioned 
compounds have mutually similar crystal struc- 
tures, and have very close characteristics. This fact 
affords the following effect: even if the composition 
of film would not strictly coincide with one phase of 
the above-mentioned stoichiometric compounds, 
characteristics are uniform throughout broad range 
of composition as a whole, as the whole could be 
regarded as the mixture of the above-mentioned 
three phases. Therefore, there is a merit that there 
is almost no change in the film characteristics, 
even if the phase separation has occurred by the 
repeating runs of recording/erasing, except the 
case of which the complete separation up to the 
composition at both ends occurs. 

As the third point the melting points, of the 
above-mentioned phases are low and close to each 
other. The melting point in the system of GeTe - 
Sb 2 Te, is near 6O0°C. and in GeTe - Bi 2 Te 3 near 
570 °C: as they are lower by more than I00 9 C 
comparing with 725°C of GeTe single substance, 
melting by a laser beam could be performed rela- 
tively easily. There is also a merit that the phase 
separation mentioned at the second point would be 
difficult to occur, as the melting points of each 
phase are close to each other. 

The fourth point has been found in the cry- 
stallization process. In the system of GeTe -Sb 2 Te 3 
/or Bi 2 Te„ the stable crystal form is hexagonal, but 
in the crystallization process by laser radiation, 
single phase of NaCI-type cubic system consisting 
of ternary elements, Ge, Te, and Sb or Ge. Te and 
Bi, is obtained first (this is also the case with Se). It 
is advantageous that the crystal form obtained is as 
isotropic as possible (namely, near the atomic 
structure of liquid phase or amorphous phase) in 
order to promote smoothly the crystallization. It is 
assumed that the diffusion distance of atom is 
shortened and then the annealing time necessary 
for crystallization is shortened. 



As the fifth point, sufficiently high crystallization 
temperature to keep an amorphous state stable 
could be obtained through the broad range of com- 
position in the system of GeTe -Sb,Tej /or Bi 2 Te 2 . 
s As shown in Fig. 3(a) and (b), it has been found 
that the crystallization temperature sufficiently high- 
er than room temperature was obtained until a 
close concentration of single- phase of Sb 2 Te 2 /or 
Bi 2 Te 3 . 

^o In this invention, adding to the above-men- 

tioned important points of I -5, the following merit 
could be moreover obtained by the addition of Se. 

Se is added only in the form of replacement of 
Te, so that the balance of the concentration be- 

75 tween Te and Ge, Sb /or Bi is not demolished. The 
first addition effect of Se is to increase the viscos- 
ity of the system. Added Se forms the Se-com- 
pounds, such as GeSe. GeSe 2t Sb,Se 3 /or BijSej. 
when film is crystallized. As these compounds 

20 have higher bond energy than the corresponding 
Te-compounds of the same elements, they are not 
completely separated even at liquid phase. There- 
fore, the molten liquid has the high viscosity, and it 
becomes easy to form amorphous phase. In other 

25 words, the condition of rapid cooling to form an 
amorphous phase becomes slightly mild. It is im- 
portant that this characteristic does not show the 
incontinuous change by the addition of Se. ft was 
confirmed that though the crystallization rate of the 

30 system became low inversely proportionally to vis- 
cosity, this change varied very continuously ac- 
cording to the concentration of Se and could be 
controlled. Therefore, in the system design, when it 
is necessary to make recording and erasing at high 

35 speed, the composition with low concentration of 
Se should be set emphasizing crystallization rate. 
On the contrary, when it is necessary to make 
recording and erasing at low speed, the composi- 
tion with high concentration of Se should be set, 

40 emphasizing the condition of amorphous formation. 
As described above, it is possible to adjust mi- 
nutely these by the composition. Actually, the limit 
of Se-concentration is 30 atomic % at most, and 
there occurs the deficient crystallization rate at 

45 higher concentration. The second addition effect of 
Se is to raise the crystallization temperature of the 
system. It is especially effective in poor composi- 
tion of GeTe-component, and it acts to raise the 
stability of amorphous phase (the recorded signal). 

so On the other hand, the melting point does not so 
change by addition of Se. It is assumed that this is 
due to the near melting point between Te-and Se- 
compounds of the same elements. It is very impor- 
tant that the recording sensitivity does not de- 

55 crease by the addition of Se. 
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As described above, it was found that the ter- 
nary system of Te, Ge and Sb /or Bi or the 
quaternary system in which a part of Te was 
displaced by Se showed superior characteristics as 
recording material for rewriting type optical disc. 

Next, the manufacturing method of this inven- 
tion is described. A recording medium of this in- 
vention could be produced by the method, such as 
vacuum deposition and sputtering. As for sputter- 
ing, it is possible to use an alloy target designed 
from the desirable composition or a complex mo- 
saic target with the area corresponding to each 
composition ratio. In the case of vacuum deposition 
method, the co-evaporation method with plural 
sources is convenient to control the composition. In 
this case, it is important that the deposition rate 
from each source is perfectly independently con- 
trolled by preparing for four electron guns and their 
electric sources and four sensors of film thickness - 
(for example, quartz oscillator). The degree of 
vacuum at deposition is enough at 10"* -10""' ton*. 

This invention is explained in detail by the 
following detailed examples. 



Example I 

Sample pieces of the recording film containing 
triple elements of Te. Ge and Sb /or Bi with various 
compositions were prepared by the above-de- 
scribed vacuum deposition method, and these 
characteristics were investigated. The substrate of 
sample piece is a glass disk with thickness of 0.3 
mm and diameter (+) of 8 mm; the film thickness 
of a recording layer is about 1000 A. 

Characteristics were evaluated as follows: 

i) Phase transition temperature, Tx 

ii) Laser power necessary for beginning of 
amorphous conversion, Pa 

iii) Laser irradiation time necessary for be- 
ginning of crystallization, tx Tx was defined as the 
temperature beginning the change in optical trans- 
mittance, when the as deposited sample piece was 
gradually heated. Increasing the temperature at the 
rate of l°C/sec, the change of the transmittance 
was monitored by He-Ne laser, and the transforma- 
tion point was detected. The stability of amorphous 
phase could be evaluated by this value. Pa shows 
a value measured radiation power necessary for 
beginning of amorphization by irradiation of laser 
beam to the recording film surface of the cry- 
stalline state. In this case, each sample was suffi- 
ciently precrystallized by 30 as radiation of 2 mW 
laser power. Afterwards, the pulse width of radi- 
ation was fixed at 0.2 us. and the radiation laser 
power beginning the amorphization was measured 
by changing irradiation power. By this value, the 
sensitivity of amorphous conversion (the recording 



sensitivity) can be evaluated, rx is the irradiation 
time necessary for beginning of crystallization, in 
the case of radiation at spot of a I urn or less in 
diameter on the recording film at "as deposited" 
5 state by the light of laser diode through a lens 
system. In this case, the evaluation of tx was 
undertaken from two points of view assuming two 
crystallization processes. One of them is tx.. the 
radiation time necessary for beginning of crystalli- 
io zation by the radiation of relatively weak laser 
power (2 mW), assuming the crystallization process 
at solid phase. The other is tx„ the radiation time 
necessary for beginning of crystallization in the 
case of quenching from molten state by the radi- 
rs ation power of more than the above Pa. tx, is the 
item related both with the energy necessary for 
beginning of crystallization and the rate of the 
crystallization. This value is very correlated with Tx. 
On the other hand, tx, is evaluated as the rate of 
20 crystallization itself; in this case, the same laser 
power as required for amorphization. 

Fig. 3 shows the behavior of Tx in the com- 
positions on the line which links the composition 
point of GeTe and that of Sb,Te, /or Bi,Te, at the 
25 triangle diagram of Ge-Te-Sb /or Bi. 

From this figure, the phase transition tempera- 
ture in the systems of GeTe -Sb,Te, and GeTe - 
Bi,Te, is higher than I00°C (sufficiently higher than 
room temperature) in the case of more than 3 -5% 
30 of x in the above-mentioned formula, and it shows 
that the amorphous phase is very stable. 

Fig. 4 shows the sensitivity of amorphization. 
Pa in the same composition as above. From this 
figure, Pa in the systems of GeTe -Sb,Te, and 
35 GeTe -Bi,Te, has a tendency to increase as the 
proportion of GeTe increases, and it increases very 
much in the case of more than 80 -90% of x 
proportion. Namely, if the proportion of GeTe is in 
the region of 80% or less of x, it is shown that a 
40 high recording sensitivity could be obtained. 

Fig. 5 shows tx, and tx 2 , the irradiation time 
necessary for beginning of crystallization in the 
same composition as above. From this figure, it is 
found that tx, has a tendency to increase as the 
45 proportion of GeTe increases, tx, has a tendency 
to increase as the proportion of GeTe decreases, 
and it does not exist in the case of less than 30% 
of x. The curves of tx, and tx, cross at around 30 - 
40 mol% of x-concentration. Therefore, it is found 
so that the region of 5 -40% of x in the composition 
ratio is suitable for erasing method of solid phase 
and the region of 40% or more of x ratio is suitable 
for erasing method of liquid phase. 

Next, the example in which a part of Te was 
55 replaced by Se in the same composition on the 
above-mentioned line is described. 
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Example 2 

Selecting Ge»Te»Sb»« as a typical composition 
in Example I. a part of Te has been replaced by Se 
in the form of Te^^SexGe^oSb^. and it was pre- 
pared as a sample. By the same measurement as 
adapted in Example I. the following results have 
been obtained. 

First it was confirmed that Tx increased mon- 
otonically as the concentration of Se increased. 

Fig. 6 shows the change in the sensitivity of 
amorphization Pa, and the crystallization time rx, 
and t-Xj with the change in Se concentration. From 
this figure, it is found that Pa decreases by addition 
of Se. and saturates at about 10 atomic %; tx, and 
rx 2 increases continuously and monotonically as 
the concentration of Se increases, rx, increases 
extremely over 20 atomic % of Se concentration; 
rx, increases monotonically until the concentration 
of Se is about 15 atomic % t but it does not exist at 
higher than 15 atomic % of Se concentration - 
(namely, crystallization becomes difficult) 

From these results, it was shown that it was 
possible to change continuously recording sensitiv- 
ity and erasing rate by the replacement of Se with 
Te and the fine controlling of film characteristics is 
easily undertaken according to the specification of 
the system. At that time, the addition concentration 
of Se is 30 atomic % at most, and the crystalliza- 
tion rate is reduced extremely at higher concentra- 
tion. In order to crystallize from liquid phase, the 
concentration of Se is 15 atomic % at most. More- 
over, under consideration of the recording sensitiv- 
ity, the concentration of Se is suitable at 5 -15 
atomic %; 

Similar experiment was undertaken for the dif- 
ferent composition of Te-Ge-Sb, and the same 
tendency was obtained as addition effects of Se. In 
the system of Te-Ge-Bi, the similar results were 
obtained. 



Example 3 

The same experiment as adopted in Example I 
was undertaken to the composition come off the 
above-mentioned composition-line. Fixing the con- 
centration of Ge for the composition on the above 
line, the composition ratio of Sb /or Bi was 
changed in the range of ± 15 atomic %. As a result, 
the large difference from the composition on the 
line was not produced as to Tx and Pa, but tx 
showed a rather large value when the composition 
came off the line to both sides. 



Example 4 

At each composition point of Examples I. 2 and 
3. the disk was prepared, and the repeating char- 

5 acteristics of recording/erasing were investigated. 
An optical disk was prepared by laminating ZnS 
and a recording layer in the order, i.e. ZnS. a 
recording layer. ZnS .... on the substrate of PMMA 
resin of 130 mm in diameter and thickness of 1.2 

70 mm with the light guide-track, and the protecting 
plate using the UV-ray curing resin on the surface. 
The thickness of each layer was about 800 A, 1000 
A, and 1600 A in the order from the lowest layer to 
the upper ones, and these were designed to raise 

T5 the effect of light-absorption in the recording layer. 
A laser beam was supplied from the side of sub- 
strate. A dynamic tester (deck) was equipped with 
a circular laser spot of 0.9 urn in diameter for 
recording and an elliptic laser spot of I 1 8 am for 

20 erasing, and the two spots were continuously ar- 
ranged in one optical head. The repeating life of 
recording/erasing was investigated at a peripheral 
speed of 5 m/s. Each power of recording and 
erasing was suitably selected according to the disk 

25 characteristics, and the recording was made at 
simple frequency mode of 2 MHz. The limit of life 
was defined as the number of times showing the 
decrease of 3 dB from initial C/N. The following 
conclusions of I) -4) were obtained. 

30 i) At the composition on the line, there exists 

a broad power condition making possible repeating 
of more than 10* times at more than 50 dB of initial 
C/N. 

ii) Coming off far from the composition on 
35 the line, the noise is produced at about 10* time 

repeatings. 

iii) As shown by A„ B, p C, and D, in Fig. 2, 
the permissible width coming off the composition 
was + 10 atomic % to Sb rich side and -10 atomic 

40 % to Sb poor side in the case of the fixed Ge 
concentration; in this range, there exists the power 
condition making possible repeating of 10* times. 
Similarly, in the range of +7 atomic % and -5 
atomic % (A 2 , B„ C, and D 2 ), there exists the power 

45 condition making possible repeating of 10* times. In 
the range of +5 atomic % and -3 atomic % (A,, B a , 
C 3 and D,) t there exists the power condition making 
possible repeating of 10* times, though its range is 
narrower than the composition on the line. Above 

so all, in the range of A«, B«, C 4 and D 4 , it is possible 
to repeat recording/erasing with a comparatively 
low power. Tab. I shows the composition of each 
point. 

55 
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iv) The Se concentration has not marked 
correlation with cyclability. 



Example 5 

The cyclability of disk equipped with the film of 
ternary elements system, Te»Ge*Sb» and the film 
of quartern ary elements system, Te«Ge„Sb»Se t o 
as a disk with typical composition were investi- 
gated by the same method as adopted in Example 
4. 

As for the former disk, the results of the initial 
C/N of 53 dB and the C/N of 51 dB after K) $ time 
repeating were obtained by repeating 
recording/erasing at recording power of 8 mW and 
erasing power of 8 mW. 

As for the latter disk, the results of the initial 
C/N of 54 dB and the C/N of 52 dB after 10 s times 
repeating were obtained by repeating 
recording/erasing at recording power of 7 mW and 
erasing power of 10 mW. 

Similar experiments were undertaken with Sb 
instead of Bi in the above composition. In the disk 
of the triple elements system, Te«Ge„Bi». the re- 
sults of initial C/N of 50 db and the C/N of 48 dB 
after the repeating of 10 s times were obtained at the 
recording power of 7 mW and the erasing power of 
7 mW. Also, in the disk of the quadruple elements 
system, TettGe^SbjoSe,,,. the results of initial C/N 
of 52 dB and the C/N of 50 dB after repeating 10 s 
times were obtained at the recording power of 6 
mW and the erasing power of 9 mW. 



Example 6 

Using the disk of Example 5, the environmental 
test was undertaken. In each disk, the signal was 
recorded at the track where recording/erasing were 
repeated 10 s times and the right-/left-hands neigh- 
boring tracks; then. C/N was measured at these 
tracks. C/N of each track was measured after two 
month leaving in thermohygrostat (B0°C. 80% RH). 
As a result, the change of C/N in each track was as 
negligibly small as -0.5 - -1.5 dB. By the observa- 
tion with a metal microscope, the remarkable rust 
or crack was not found in each disk. 

As described above, the optical information- 
recording medium with high .sensitivity, superior 
heat-and-humidity resistance, and long repeating 
life of recording/erasing, was provided by this in- 
vention. 



Claims 

I. An opticaJ information recording medium hav- 
ing a substrate and a recording thin film which 
5 produces reversible phase transition between 
amorphous and crystalline states by laser beam 
irradiation on said substrate, and said recording 
thin film is characterized by 

a) having a crystalline phase containing plu- 
io ral stoichiometric compounds of Te or Se as main 

components, and 

b) existing at least one stoichiometric stable 
compound among said plural stoichiometric 
phases. 

75 2. An optical information recording medium ac- 

cording to claim I, characterized by forming a 
metastable single phase at first state in crystalliza- 
tion. 

3. An optical information recording medium ac- 
20 cording to claim 2, characterized by metastable 

phase with well symmetrized crystal structure. 

4. An optical information-recording medium ac- 
cording to claim I. characterized by Te-compounds 
of Ge and Sb /or Bi as components consisting of 

25 crystal phase. 

5. An optical information-recording medium ac- 
cording to claim I, characterized by Te-compounds 
and Se-compounds of Ge and Sb /or Bi as compo- 
nents consisting of crystal phase. 

30 6. An optical information-recording medium ac- 

cording to claims I and 4, characterized by Te, Ge 
and Sb /or Bi as main components in the composi- 
tion of recording film, and existence of the ratio of 
the numbers of atoms in the area, which is sur- 
as rounded by the composition points of A, (Te J «,Ge w , 
Sb /or Bi 3 ), B, (Teso. Ge 2 . Sb /or Bi„), C, (Ten., Ge a , 
Sb /or Bi„), and D, (Te„, Ge„, Sb /or Bi 3 ) in a 
triangle diagram showing the range of composition. 

7. An optical information-recording medium ac- 
40 cording to claims I and 6, characterized by exis- 
tence of the ratio of the numbers of Te, Ge and Sb 
/or Bi atoms in the area, which is surrounded by 
the composition points of A, (T Ge„, Sb /or Bi 3 ), 
B, (Te„. Ge a , Sb /or Bi 45 ), C 2 (Te 64 ^. Ge„ Sb /or 

45 Bi 33 .s). and D, (Te t7 . Ge4o. Sb /or Bi 3 ) in a triangle 
diagram showing the range of composition. 

8. An optical information-recording medium ac- 
cording to claims I and 7, characterized by exis- 
tence of the ratio of the numbers of Te. Ge and Sb 

so /or Bi atoms in the area, which is surrounded by 
the composition points of A, (Te^s. Ge^. Sb /or 
Bi 3 ), B3 (Tess, Ge 2 . Sb /or Bi„), C 3 (Te«, Ge„ Sb /or 
Bi3s). and D s (Te M , Ge„, Sb /or Bi,) in a triangle 
diagram showing the range of composition. 

55 9. An optical information-recording medium ac- 

cording to claims I and 8, characterized by exis- 
tence of the ratio of the numbers of Te, Ge, and Sb 
/or Bi atoms in the area, which is surrounded by 
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the composition points of A4 (Te^ f Ge^, Sb for 
Bi„), B 4 (Te* . Ge 6 .5,Sb lot Bi^), C* fTe„, Ge*. Sb 
/orBi*). and D* (Te», Ge», Sb /or Bi.) in a triangle 
diagram showing the range of composition. 

K). An optical information-recording medium ac- 
cording to claims I and 9. characterized by sat- 
isfaction of the following formula by the ratio of the 
numbers of Te. Ge and Sb /or Bi atoms: 

x*50 GeTe + (l-x)*20 Sb,Te, / or 

{hx)*20 Bi 2 Te, or 

Te «woxGe5ox<Sb/or Bi)4o-40x 

(wherein 0.05 S 1 S 0.8) 

11. An optical information-recording medium ac- 
cording to claims I and 5, characterized by Te. Ge, 
Sb /or Bi and Se as main components and exis- 
tence of the ratio of the numbers of Te, Ge, and Sb 
/or Bi atoms in the area, which is surrounded by 
the composition points, of A, (Te,.. Ge*., Sb /or Bi 3 ), 
B, (Te« ( Ge,. Sb /or Bi*.), C, (Te ro . Ge„ Sb /or Bi„), 
and D, , Ge Ml Sb /or Bi,) in a triangle diagram 
showing the range of composition, and equipment 
of substrate material with the recording thin film in 
which the concentration (atomic %) of Se is 0 £ m 
£ 30 atomic % in the following formula of the total 
composition: 

(Te x . Gey, Sb /or Bi 2 ) IOOHT , Se m 

12. An optical information-recording medium ac- 
cording to claims I and II, characterized by exis- 
tence of the ratio of the numbers of Te. Ge, and Sb 
/or Bi atoms in the area, which is surrounded by 
the composition points of A, (Te*„ Ge„, Sb /or Bi,), 
B, (Te„. Ge,. Sb /or Bi« s ). C, (Te^, Ge,. Sb /or 
Bins), and D a (Tesr, Ge^ Sb /or Bi 3 ) in a triangle 
diagram showing the range of composition. 



13. An optical information-recording medium ac- 
cording to claims I and 12, characterized by exis- 
tence of the ratio of the numbers of Te. Ge. and Sb 
/or Bi atoms in the area, which is surrounded by 
the composition points of A, (Te^s . Ge^. Sb /or 
Bi,), B, (Te^. Ge„ Sb /or Bi*,). C, (Tec. Ge„ Sb /or 
Bi»). and D, (Te*, Ge*,. Sb /or Bi,) in a triangle 
diagram showing the range of composition. 

14. An optical information-recording medium ac- 
cording to claims I and 13. characterized by exis- 
tence of the ratio of the numbers of Te. Ge. and Sb 
/or Bi atoms in the area, which is surrounded by 
the composition points of A* (Te^i. Ge^.5. Sb /or 
Bi*). B* (Te*. Gee.5, Sb/or Bi^ ), C* (Te«. Ge*. Sb 
/or Bi M ), and D« (To*, Ge„. Sb /or Bi.) in a triangle 
diagram showing the range of composition. 

15. An optical information-recording medium ac- 
cording to claims I and W, characterized by con- 
stitution with quaternary elements of Te, Ge, Sb /or 
Bi and Se and satisfaction of the following formula 
by the atomic ratios: 

x*50 GefTe.Se) + (l-x)#20 SbifTe.Se), /or 
(l-x)»*Bi»(Te f Se) 3 or 
(Te.Se) wwoxGewxtSbyor Bi)4<wox 
(wherein 0.05 S ■ S 0.8) 

and also the Se concentration of 30 or less atomic 
% of total concentration. 

16. An optical information-recording medium ac- 
cording to claims I and 15. characterized by exis- 
tence of concentration of Se in the range of 5 5 m 
S 15 atomic % in the following formula of the whole 
composition: 

(Te x . Ge y . Sb /or Bi 2 ) 10 o^ Se m . 
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